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PLANNING A RESEARCH LABORATORY FOR 
AN INDUSTRY 1 

By Dr. C. E. K. MEES 

EOCHESTEE, N. Y. 

DURING the last two years the importance and value of in- 
dustrial research has become widely recognized; and 
there has been a general awakening on the part of those who 
control industries to the desirability of including in their or- 
ganization a research laboratory to act as a nucleus of scientific 
knowledge for the industry, and to carry out specific investiga- 
tions which are judged to be of value. 

When the executive directing such an industry, however, 
looks for information as to how to proceed in order to establish 
a research laboratory, he is likely to find that the specific in- 
formation which he requires is by no means easy to obtain. 
While there are many articles pointing out the value of a re- 
search laboratory, little has been written as to the steps which 
should be taken by an industry that has determined to estab- 
lish one. 

Let us take the hypothetical case of the vice-president of a 
company who, as a result of his reading, has become convinced 
of the desirability of establishing a -research laboratory, but 
who, himself, has no experience in scientific work of any kind, 
knows only that the greater part of scientific research is done 
in university laboratories, and has no idea either of the cost of 
a laboratory, of how it should be established, or of what return 
he can expect from it. What is he to do in order to present a 
specific case to his fellow executives, or to proceed in the estab- 
lishment of a laboratory, should he be empowered to do this ? 

The object of this paper is to suggest a specific answer to 
the problem of such an executive, putting the answer in such 
terms that it may be applicable to a large number of different 
industries. 

In considering the organization of an industrial research 
laboratory we must deal first with the relation of the research 
laboratory to the rest of the organization of which it is a part, 
and secondly with the internal organization of the laboratory 
itself. The relation of the laboratory to the other departments 
of the company will be closely associated with the origin of the 
laboratory. 

1 Lecture delivered April 12, 1918, before the New York Section of the 
Society of Chemical Industry, The American Electrochemical Society, and 
the New York Section of the American Chemical Society. 
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If there is a technical scientific expert in the executive of 
the manufacturing company, he may have established the lab- 
oratory and become its director, and in this case the laboratory 
will necessarily be very closely associated with the work of the 
executive who initiated it. 

A laboratory may also be established under a separate di- 
rector, not himself associated with the executive officers of the 
company, but as a reference department for the executives. In 
this case also it will be very closely associated with the officers 
of the company and will tend to be more concerned with ques- 
tions of policy and the introduction of new products than with 
any other of the problems of the company. 

In a large company a research laboratory may be estab- 
lished as a separate department having its own organization, 
and be available as a reference department for all sections of 
the company, in which case its activities will cover a very wide 
field, but at the same time it will not have as direct an influence 
upon the policy of the company as will happen if it is closely 
associated with one or more of the executive officers. 

Whatever the size of the industrial concern may be, the or- 
ganization of the research laboratory should be responsible 
directly to the management. 

The work of a research laboratory almost always involves 
questions of policy, and not merely manufacturing questions, 
and frequently close connection with the advertising and sell- 
ing departments of the company is very necessary. In several 
cases where research work has been conspicuously successful, 
this has been the case. 

Let us assume, therefore, that on the establishment of the 
research laboratory we are considering arrangements will be 
made in the organization of the company by which the labora- 
tory will be brought into contact not only with the manufac- 
turing sections of the company but with the financial and sales 
direction. 

Turning next to the internal organization of an industrial 
research laboratory, there are two forms of organization pos- 
sible. For brevity these may be spoken of as the "depart- 
mental " system and the " cell " system. 

In the departmental system the organization is that familiar 
to most businesses. The work of the laboratory is classified 
into several departments : physics, chemistry, engineering, and 
so on, according to the number necessary to cover the field, and 
each of these departments has a man of suitable scientific at- 
tainments in charge of it. In a large department each of these 
men will in turn have assistants responsible for sections of the 
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department, all the heads of departments finally being respon- 
sible to the director of the laboratory. Under the alternative 
or cell system the laboratory consists of a number of investi- 
gators of approximately equal standing in the laboratory, each 
of them responsible only to the director, and each of them en- 
gaged upon some specific research. Each such investigator, of 
course, may be provided with assistants as may be necessary. 

Each of these systems has advantages and disadvantages. 
Under the departmental system the advantages are strict or- 
ganization, good cooperation throughout the departments, a 
plentiful supply of assistants for the abler men who form the 
heads of departments or sections of the departments. The 
chief disadvantage is that the system tends to stifle initiative in 
the younger men. While it is true that research men require to 
serve a considerable apprenticeship to older investigators, there 
comes a time when every man wishes to try to develop his own 
line of research on his own initiative and to carry out work by 
himself, and while it is quite possible to provide for such men 
in a departmental organization, there is some danger that men 
who are really capable of original work may not get the oppor- 
tunity to carry it out. The cell system, on the other hand, pro- 
vides a good arrangement for men of original initiative and of 
the self-reliant type ; it enables a man to continue a single line 
of work by himself for a long time and to bring to a conclusion 
work which in a departmental organization might have been 
abandoned because of its apparently unremunerative character. 
On the other hand, the cell system tends to exaggerate the vices 
of such men. They tend to become secretive, to refuse coopera- 
tion, to be even resentful if their work is inquired into, while 
if a man who has developed a line of work for himself in a cell 
leaves the laboratory, it may be difficult for anybody else to take 
up the work, in which case a great deal of time and money is 
lost, and work which should have been carried forward is left 
unfinished. Another objection to the cell system is that men 
who are good organizers and who are of the type of men that 
can carry on work requiring many assistants do not easily find 
a place in it. 

In practice, some system between these two systems of or- 
ganization is essential and will develop in any laboratory. It is 
not possible to work a rigid departmental system, and, on the 
other hand, no cell system in its most definite form could be 
effective. The form of organization which is the easiest in ad- 
ministration is undoubtedly some modification of the depart- 
mental system, since only by this means can young students, 
fresh from college, acquire adequate training and at the same 
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time keep in touch with different branches of their subject and 
avoid the danger of overspecialization too early. A laboratory 
should therefore be organized in departments with an intra- 
departmental arrangement under which a young man who de- 
velops the ability to carry out his own work may be able take 
up work on his own initiative, still retaining his position in the 
department and carrying on his work under the general super- 
vision of the chief of his department. There will always be a 
tendency in the departmental organization for men to desire to 
split away from the department to which they are attached and 
become semi-independent in the laboratory, and this tendency 
must be resisted in the organization and by the director of the 
laboratory. At the same time, it is important that too rigid a 
control should not be exercised so that men feel that they are 
prevented from exercising their own initiative. 

A laboratory for a specific industry will generally tend to be 
of what has been called the " convergent " type, that is, one in 
which all the different sections of the laboratory representing 
different branches of scientific work have their energies di- 
rected towards the solution of problems relating to the same 
subject. The problems of such a laboratory will, therefore, ail 
be inter-related and the work of the laboratory will be directed 
towards one common end. 

The organization of such a convergent laboratory has been 
discussed in a former paper. 2 It is shown there that charts 
could be prepared illustrating the organization which would be 
available for almost any convergent laboratory, so that, if we 
have to work out the organization of a research laboratory 
which is to study any inter-related group of problems, we can 
do it by the construction of similar charts. Thus, we may ar- 
range a chart showing the derivation of the branches of the 
subject considered from the sections of pure science involved. 
We can place on one side biological, physical and chemical prob- 
lems, subdividing each section so that each one represents work 
capable of being handled by one man in the laboratory. It will 
now be possible to draw a new chart, showing on the circum- 
ference the different sections of the laboratory for which ac- 
commodation, apparatus and men must be provided, and show- 
ing the relation of these sections to the problem as a whole. 
Having worked this out, it is easy to find the amount of space 
and the number of men which will be required, or which the 
funds available will allow for each part of the work. 

Now, before applying these charts for laboratory organiza- 
tion to a specific industry, let us look at the question of the 

2 " The Production of Scientific Knowledge," Science, 1917, p. 519. 
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physical organization of the laboratory itself : the building and 
scientific equipment, the cost of building, and the cost of the 
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maintenance and operation. It may be mentioned here that 
when a laboratory is under consideration by the executive of a 
company, the matter which usually concerns his mind are these 
physical details, and he is often greatly concerned with the 
planning and cost of the building and equipment, a matter 
which, as will be shown later, is quite secondary to the internal 
organization of the laboratory as regards effect on the work or 
even from a financial point of view. 

The laboratory should be housed in a convenient, special 
building. It is very advisable that all research work under the 
same general direction should be conducted under the same 
roof, since only in this way can good cooperation between the 
departments be obtained, and the facilities and organization of 
the whole department be available to all the workers. In tech- 
nical research, where it is often necessary to install model plants 
on a small scale, this cannot always be carried out, but, as far 
as possible, a research laboratory should be a real building and 
not merely the name for a number of scattered departments at 
some distance from each other. 

It is a mistake for a factory to house a research laboratory in 
some abandoned building designed for other purposes. The 
annual cost of research work, as will be shown later, is very 
high in comparison with the cost of the building itself. The 
greater part of that expenditure is on the salaries of the men 
carrying out the work, and any inconveniences or disadvantages 
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which may be caused by their working conditions and surround- 
ings can easily depress the production to an extent which ren- 
ders such economics very unprofitable. The cost of the research 
man, in fact, is so high that it is worth while to provide him 
with the very best facilities for carrying out his work, since, 
provided money is not actually wasted on useless ornaments, 
these facilities will always be inexpensive in comparison with 
the total expenditure on the work. 

Research laboratories are almost always too small, and it is 
really desirable that, in designing such a laboratory, some sys- 
tem of construction should be chosen in which expansion can 
be obtained by the duplication of units. This is, of course, a 
very difficult thing to arrange, especially in the details of the 
laboratory, but, nevertheless, it should certainly be aimed at by 
the architect, since whatever the size of the laboratory when it 
is designed, it is safe to prophesy that within a very few years 
expansion will be necessary, and if direct expansion is not pos- 
sible, this will take the form of detached groups of men work- 
ing in other places, an inconvenient and uneconomical arrange- 
ment. 

The cost of moving in research work is not always realized. 
The cost of moving into a new building will be approximately 
half the total cost of the building, since the men will actually 
not be working again at full speed in less than six months, and, 
as a general rule, the annual expenditure is equal to the cost 
of the building and equipment. It is important, therefore, in 
designing a laboratory to arrange, if possible, that expansion 
may take place without any considerable rearrangement. An 
aid to this is to make the internal divisions of a laboratory 
movable as far as is possible, and while the laboratory itself 
should be of fireproof construction, it will be convenient to 
make partitions of composition board and wood wherever the 
fire risk does not prohibit this. In this way, rooms can easily 
be subdivided, combined or rearranged. 

Everything that has been said as to the necessity for the 
provision of a satisfactory building applies also to the question 
of equipment, but with even greater force. It is an economic 
error to allow expensive men to be short of the apparatus which 
they require for their work. As a general rule, men will not 
ask for apparatus which they do not need. There are a very 
few men who might be considered to be apparatus collectors, 
and who seem to have a real anxiety to surround themselves 
with all forms of scientific apparatus, whether they have any 
use for them or not ; but with the exception of these men, who 
are limited in number, it may be taken that when a research 
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worker asks for apparatus he needs it, and must have it in some 
form or other to continue his work. 

The total cost of equipment for a physical laboratory repre- 
sents about two months' cost of operation, and, if economies are 
to be made, it is clear they should be made in limiting the 
amount of work undertaken and the consequent cost of opera- 
tion, rather than in depriving the employed workers of the nec- 
essary tools for their work. 

From various sources of published information, as well as 
from personal experience, it is possible to form an estimate of 
the cost of a research laboratory per scientific worker employed, 
taking the term " scientific worker " to cover all graduate men 
working in the laboratory. It might seem that there would be 
very great variation in the cost, but, provided that we confine 
ourselves to laboratories of the physical and chemical type, 
there is a surprising agreement between the different figures, 
which show that cost of building and equipment for a labora- 
tory will be between $3,000 and $4,000 per man; it may be 
taken therefore that the first cost of a laboratory will be about 
$3,500 per scientific worker employed. From the same sources 
the annual cost of maintenance of such a research laboratory 
appears to be slightly lower than the first cost. Probably $3,300 
per man would be a fair estimate of the cost of maintenance, 
and of this we may take 60 per cent, as representing salaries 
and wakes and the other 40 per cent, all other expenses. 

Let us attempt to apply the principles which have been laid 
down for the design of an industrial research laboratory, ap- 
plicable to a specific industry, in such a form that they would 
be available for the directorate of the industry to understand 
to what they are committing themselves in establishing a re- 
search laboratory, and how to proceed in order to do so. 

We may select as an example of a specific industry one of a 
technical manufacturing type dealing with engineering proc- 
esses, handling chemicals, and also involving certain biological 
considerations ; such an industry, for instance, as textile dyeing 
or the manufacture of leather goods. Exactly the same prin- 
ciples, however, would apply to industries of quite a different 
kind. Thus, an industry in which there are no biological con- 
siderations will not require some branches of a laboratory; it 
may need to substitute others in their place. For some indus- 
tries, physics is of no importance and chemistry is of far more 
importance. 

Let us, however, in order to be specific, consider the question 
of a plant whose business consists in the dyeing of textiles. 
Let us suppose that the industry is making a turn-over of $1,- 
000,000 a year, of which 10 per cent, is net profit, and that the 
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directors have decided that, in order to improve their product 
and extend their business, possibly to diminish costs, they will 
at the outset undertake an expenditure of $15,000 a year on 
scientific research. Now, let us consider what they can do for 
this. 

In the first place, we can decide at once how many men they 
can get. On the basis of $3,000 per man, they should be able to 
get five men for $15,000, but with very few workers in the 
laboratory, the cost per man will be somewhat higher, and it 
will be safe to assume that only four men can be obtained for 
the $10,000 available for salaries. The cost of the building will 
be about $10,000 and equipment about $5,000. Taking the basis 
of $2 per square foot for building as a rough approximation, we 
shall have a building with 5,000 square feet of floor space, or, 
dividing this into three floors, a building about 40 feet square. 
The work of the laboratory may be analyzed according to the 
chart shown in the figure. Dividing into the three main divi- 
sions of chemistry, physics and biology, we shall get the fol- 
lowing sections for the work : In chemistry, we shall require an 
analyst and dye chemist who must understand organic chem- 
istry, and a colloid chemist who will study the relation between 
the fiber and the dyes. In physics, we shall have work to do on 
the testing of the strength of materials and especially on col- 
orimetry and the measurement of absorption. In biology, we 
shall require a man who understands the vegetable and animal 
fibers, their structure and their bio-chemical properties. We 
shall also require work on the staining of fibers and photo- 
micrography. This will give us the chart shown. 

Now, we can not hope, of course, to represent all these de- 
partments by separate men, since we can afford to have only 
four men, and in addition to the departments shown we must 
have one practical dyer having actual works experience. Our 
men may be grouped somewhat as follows : Our organic chemist 
can look after analytical chemistry as well; that is, we must 
get a man having experience in organic chemistry and some 
good knowledge of dyes, who can specialize in the study of dye- 
stuffs and on their analysis, but who also can do what routine 
analytical chemistry it becomes essential for the laboratory to 
carry out. We may expect our colloid chemist to be a bio-chem- 
ist and to take care of the microscopy. The physicist may un- 
derstand colorimetry and, at the same time, know enough gen- 
eral physics to be able to look after questions involving the 
strength of materials. We have thus accounted for three of 
our four skilled men, and the fourth must be the practical dyer, 
who should also be the director of the laboratory and should 
have a good training in dye chemistry and general chemistry, 
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with a considerable knowledge of colloid chemistry and fibers, 
and some knowledge of physics. Thus, the staff of our labora- 
tory will be completed by the director, who will be a chemist 
who has had works experience in dyeing, and who must be 
given this works experience before the laboratory is commenced 
if a fully trained scientific research man is not already avail- 
able from the works. It is of no use to take a man from the 
works who is not fully trained in research methods and in sym- 
pathy with scientific work, and if such a man is not already 
available with a knowledge of dyeing, then the best available 
man must be obtained from a university or elsewhere and given 
the works experience to learn dyeing before the construction of 
the laboratory is attempted. 

The amount available for the salaries of these men will be 
about $10,000 a year, which must be distributed as seems ad- 
visable with regard to the men actually chosen. The sum 
should be sufficient to obtain fairly good men, as a commencing 
salary. 

We will next consider the structure of the laboratory itself. 
It must be remembered that we have three floors, each of them 
containing about 1,600 square feet. Of these, one will be re- 
quired for the library, office and the dye room, which will be a 
small edition of a works department containing small model 
machines in which all the works processes of dyeing, wash- 
ing and drying can be carried out. This may occupy about half 
the ground floor, the other half being taken up by the library, 
staircase and the laboratory office, which in such a small labora- 
tory may be united with the library. The next floor will be 
devoted to chemistry and may be divided into two or three 
rooms, while the top floor will be used for physics and will con- 
tain rooms for ordinary physical work and for colorimetry. It 
will also probably be used for microscopy, since it is inadvisable 
to have microscopes and similar instruments exposed to the 
fumes of a chemical laboratory. 

An exactly similar design to this can be made out for any 
other industry, the factor of size being determined by the ex- 
penditure which it is proposed to make, and the work being dis- 
sected in accordance with the demands of the particular indus- 
try in question. Space must always be kept for a small replica 
of those plant operations on the investigation of which the labo- 
ratory is working, since it will often be necessary to prove the 
plant operations under the direct control of the men in the 
laboratory and under conditions which can be rigidly main- 
tained at any required point. 

Now, let us consider what returns may be expected from the 
work of this laboratory. 
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The work of an industrial research laboratory may be classi- 
fied in three divisions : 

A. Work undertaken on the initiative of manufacturing di- 
visions for the inprovement of operations, for the lowering of 
cost, or in order to locate manufacturing difficulties. 

B. Work undertaken with a view to the development of new 
materials or of entire, new processes. This may be initiated 
by the management, by manufacturing sections, by sales divi- 
sions who see the need for such materials or processes, or by 
the director of the laboratory or his assistants. 

C. Work which deals with the fundamental theory of the 
subject the results of which, if successful, will lay a foundation 
for the expansion of the industry as a whole, along lines which 
usually can not be foreseen when the research work is com- 
menced. 

The work classified under Division A is, of course, common 
to all industrial laboratories, and many research laboratories in 
connection with manufacturing plants confine themselves al- 
most entirely to problems arising from the manufacturing 
division. 

Class B includes a large portion of the work of industrial re- 
search laboratories, and the best known successes of such labo- 
ratories are included in this division. A typical example is the 
development of the drawn wire tungsten filament by the re- 
search laboratory of the General Electric Company, a research 
which, although originating from a general research on the 
properties of rare metals such as would be classified under Divi- 
sion C, developed into a study of tungsten with the direct pur- 
pose of obtaining a satisfactory filament lamp from the metal. 
Another example is the manufacture of indigo by the Badische 
Company. Such researches usually have their basis in some 
more fundamental work; the industrial work on indigo, for in- 
stance, was made possible by the original chemical work on the 
structure of indigo carried out in the German universities, 
which was applied on a manufacturing scale to the preparation 
of the dye. 

More rarely do research laboratories work on subjects clas- 
sified under Division C, that is, on the fundamental theory of 
their subject. Yet those who do achieve the most conspicuous 
successes — the work of Professor Abbe on the theory of the 
microscope, and, indeed, all the work on applied optics at Jena 
— come under this heading. The great success of the Zeiss 
Works is directly due to the attention paid by Abbe to the de- 
velopment of the fundamental theories of optics. At the Gen- 
eral Electric Laboratory at present much attention is being paid 
to the emission of electrons from hot bodies, and from this work 
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there have already developed the Coolidge x-ray tube and the 
Kenotron high frequency transformer, while the possibilities 
of application are as yet only just beginning to be realized. 

In a study of the work of a special research laboratory all 
the work done during the year was analyzed out from a classi- 
fication of the work of each part of the laboratory, and the pro- 
portionate expense which should be charged to each elass of 
the work was found. 

This analysis showed that Division A, that is, work done for 
the manufacturing departments, corresponded to about 15 per 
cent, of the work of the laboratory ; Division B, work on new 
materials, 47 per cent.; Division C, or fundamental work, ab- 
sorbed 27 y 2 per cent., of which 22 V^ per cent, was devoted to the 
scientific work and 5 per cent, to the accompanying educational 
work, while work for the assistance and information of the 
office force is estimated at 5 Via per cent. 

Now, considering this division of the work of the laboratory, 
it will be agreed that, if proper coordination exists between the 
laboratory and the management of the company, work classified 
under A and B will certainly be reasonably remunerative, al- 
though not necessarily so completely so as to pay the dividends 
on the investment in the research laboratory, which is commonly 
expected from such an investment. The same may not appear 
true in the case of Division C, the fundamental work, which in 
the hypothetical case discussed would represent nearly a third 
of the total expenditure of the laboratory; nevertheless, it is 
probable that this section of the work would be likely to prove 
the most remunerative of all, and the way in which this can 
best be illustrated is by some examples. 

Let us consider the graded examples of theoretical work in 
relation to their application in industry. 

First, let us take the case of such work as that done by Pro- 
fessor Abbe on the geometrical laws which govern the forma- 
tion of images by lenses. The connection between this and the 
manufacture of lenses is so obvious that it is at once manifest 
that the discovery of any new principle in the theory of lens 
optics will react immediately upon construction in some way, 
either in the form of a new product or in cheaper forms of con- 
struction. 

Next, let us consider work on improved methods of testing 
such, for instance, as the work done by the various bureaus of 
standards or research on analytical methods. Here it can be 
seen that only the possession of an accurate method of testing 
will enable the manufacturer to improve his product, and to 
guarantee the similarity of product made at different times. 
Consider, for instance, the improvements in electrical meas- 
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uring methods and instruments which have made available the 
standardized electrical equipment which is now so familiar to 
every one. 

In the third place, we may take as an example such research 
work as the study of the relation between inductance and 
capacity in alternating electrical circuits, which has had such 
an immense influence upon the design of alternating current 
electrical machinery. At the present time, of course, this is a 
recognized fundamental portion of electrical engineering. 

Lastly, let us consider such work as that of the universities 
on the photo-electric effect, the diffraction of x-rays by crystals, 
or the emission of electrons by hot bodies. Of these, the last 
has already found extremely important commercial application, 
the second one is being adopted by several industrial research 
laboratories in making a study of the structure of metals, alloys 
and other crystalline substances, while the first, as far as I 
know up to the present, has not found any industrial applica- 
tion, and yet, it may safely be prophesied, will be of importance 
to industry within the next ten years. 

It is almost impossible to name any class of physical or 
chemical scientific work, from the physics of the atom to 
structural organic chemistry, which will not sooner or later 
have a direct application and importance for the industries. 

Work in a research laboratory bears a certain analogy to 
placer mining for gold. A man washing gold can make a living 
by steady, hard work, but nobody would take up placer mining 
with the intention of making a living by the everyday washing. 
Everybody hopes to find nuggets which will give them a good 
profit, and possibly even a fortune. In the same way a research 
laboratory can produce results equivalent to a large amount of 
its expenditure by steady work, but from a commercial point of 
view research is undertaken in the hope of the occasional val- 
uable discovery rather than for the steady output of small 
details. 

The analogy can be carried somewhat further. Just as in 
placer mining it is of no use looking for nuggets, and any miner 
who neglects the routine washing in search of nuggets is likely 
to starve before he finds them, in the same way a research lab- 
oratory can not look for discoveries. It can only carry on its 
everyday work on the problems presented to it, and hope that 
when some possibility of a valuable discovery presents itself it 
may recognize it in time to take advantage of the fact. 

There is, however, one direction in which this analogy 
breaks down. When a man finds a nugget, he knows its value 
and its value is definite and certain ; in research work this is not 

VOL. VII. — 5. 
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the case. Discoveries which are thought to be valuable when 
made often prove worthless, while others which appear to be 
of no value eventually turn out to be profitable, and frequently 
the value of a discovery is not under the control of the labora- 
tory because the adoption and exploitation of it may be in other 
hands. 

It is sometimes thought that in order to put an industry into 
a state of complete efficiency from a scientific point of view all 
that is necessary is to establish a laboratory and to employ a 
scientific staff to carry out research work. It is quite possible, 
however, for such a laboratory to have no influence whatever 
upon the general policy of the company, and only a very slight 
influence upon its manufactures, the value of a laboratory de- 
pending very greatly upon the closeness of its cooperation with 
the other departments of the company. 

It is often felt that small industries can not afford to sup- 
port scientific research, but this argument is exactly as if it 
were suggested that small industries can not afford to support 
advertising. The object of spending money on research, for a 
small industry at any rate, is not to support the research but to 
be supported by it, and it is scarcely an exaggeration to say that 
the smaller a business is, the more important is it that it should 
make use of scientific research to the greatest extent possible. 

A small business is at a disadvantage in comparison with a 
large one in regard to all its cost charges. In the purchase of 
raw materials, in manufacturing, and in selling, its cost per 
unit of output tends to be larger than in the case of big busi- 
nesses, but, on the other hand, it is at a real advantage in re- 
gard to flexibility and enterprise. Any large business must nec- 
cessarily be cautious and conservative. The amount at stake is 
so large that the penalty of error is heavy. Consider, for in- 
stance, the mere cost of allotting half a page in a catalogue of 
which three million copies are to be printed. It is clear that no 
business man will allow the introduction of a new article into a 
catalogue for which such an edition is necessary unless he has 
reason to believe that the demand will be sufficient to pay the 
cost involved. That is, the machinery of a large business is 
adapted for the sale of things for which there is a large demand, 
but it is difficult for it to introduce articles for which the de- 
mand will probably be limited and doubtful. Every large busi- 
ness is anxious to improve its goods, since it knows perfectly 
well that the penalty for failure to do this is extinction, but it 
necessarily moves with greater caution and more slowly than a 
small business can do. It is this very fact, rightly grasped, 
which enables the small business to get its start and grow in 
spite of the advantage in regard to cost possessed by its larger 
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competitor, and the growth of a small business will depend 
upon its supply of ideas for new products and new methods to a 
far greater extent than will that of the big manufacturing con- 
cern making staple products. Small businesses can therefore 
make far more use of a research laboratory and get a much 
bigger percentage return for the expenditure than any big com- 
pany can hope to do. In the small business, in fact, a research 
laboratory closely associated with one of the high executive 
officers should begin to return a profit within a few months of 
its establishment, whereas in the case of a large company it 
may be years before a research laboratory can be considered to 
be financially successful. 

The greatest difficulty in the establishment of a research 
laboratory in a small business is that any research laboratory 
will depend for its value upon the quality of the men at the 
head, or, if the laboratory is really small, of the man at the 
head, and a small business often feels that it can not afford to 
pay even one good scientific man. The solution of this in a 
technical business might be that the research man should also 
be an officer of the company, so that his cost is borne not only 
by the scientific work but also by the value of the executive posi- 
tion which he holds. 

It may be objected that an investigator would not as a rule 
prove a capable business man, but there really seems to be no 
particular evidence for this common belief, and there are many 
examples of men trained in science who have proved extremely 
good administrators. The classic example is, of course, the 
organization of the great Zeiss works under Professor Abbe, 
but in many cases it will be found that the technical industries 
are directed by technical men who were themselves directly con- 
cerned with development and manufacture rather than with 
financial or business direction. 

When the question with which this paper starts was put to 
a chemist much experienced in research work, and he was asked 
what he would say to an executive who requested information as 
to how to proceed to establish a research laboratory, he answered 
without hesitation that he would tell him to search until he found 
a suitable man to be director of it, and then leave it to the man to 
establish the laboratory. There is no doubt very much truth in 
this view, and the success of a laboratory must stand or fall in 
great measure by the quality of the man in charge of it. But 
it is often desirable for business men to come to some conclu- 
sion about research when they have in mind no man suitable to 
undertake the formation of a laboratory for them, and it is in 
the hope of aiding technical or business executives in such a 
position that the present paper has been written. 



